ABSTRACT: Background. We evaluated the impact of radiation, reconstruction, and timing of tracheoesophageal puncture (TEP) on complications and speech outcomes. Results. Ninety-nine patients (68%) had primary and 46 (32%) had secondary TEP, with complications occurring in 65% and 61%, respectively (p 5 .96). Twenty-nine patients (20%) had major complications (18 primary and 11 secondary; p 5 .42). Ninety-four patients (65%) had pre-TEP radiation, 39 (27%) post-TEP radiation, and 12 (8%) no radiation. With patients grouped by TEP timing and radiation history, there was no difference in complications, fluency, or TEP use. With mean 4.7-year follow-up, 82% primary and 85% secondary used TEP for primary communication (p 5 .66). Free-flap patients used TEP more commonly for primary communication after secondary versus primary TEP (90% vs 50%; p 5 .02). Conclusion. Primary and secondary tracheoesophageal speakers experience similar high rates of complications. Extent of pharyngeal reconstruction, rather than radiation, may be more important in selection of TEP timing.
INTRODUCTION
Since the first total laryngectomy in 1873 by Billroth, restoration of alaryngeal speech has been a postoperative priority. In fact, 80% of patients who undergo laryngectomies rate communication as their most important quality of life concern.
1 The 3 most common methods for alaryngeal speech production after laryngectomy remain esophageal speech, use of an electrolarynx, and tracheoesophageal voice restoration that depends on the placement of a 1-way valved prosthesis through a surgically created tracheoesophageal puncture (TEP). Among these options, tracheoesophageal voice restoration has been associated with the best speech quality and it is relatively safe, and has therefore become the preferred method for speech rehabilitation. 2 In 1980, Singer and Blom 3 first described the current method of TEP with insertion of a 1-way valve prosthesis as a secondary procedure after the patient recovered from their surgery. Numerous studies have since shown that performing TEP as a primary procedure at the time of total laryngectomy is safe and affords faster acquisition of speech compared to secondary TEP. 2, [4] [5] [6] [7] [8] [9] Other advantages of primary TEP include avoiding a second procedure and the potential to use the TEP site for enteral feeding access perioperatively. Because of this, primary TEP has become the procedure of choice in many contemporary practices. 2, 5 Reports of tracheoesophageal speech success and the occurrence of complications are not always clear. Many retrospective studies demonstrate similar complication rates between primary and secondary TEP, whereas others show increased major complication rates among patients receiving secondary TEP. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] However, the comparison of primary to secondary TEP is often confounded by patient selection, as many clinicians choose to delay the TEP procedure in patients with extended pharyngeal reconstruction and/or a history of radiotherapy. Additionally, some retrospective studies have shown no increased risk of complications associated with primary TEP in patients who have received previous radiation. [13] [14] [15] [16] [17] [18] [19] Therefore, no consensus currently exists regarding the strict indications for secondary TEP in salvage laryngectomy patients. Some surgeons still consider previous radiation as a contraindication for primary TEP, particularly for patients who require laryngopharyngeal resection and reconstruction. 2, 20 Furthermore, many studies have lacked sufficient power to address the question of previous radiation and its influence on the rate of postoperative complications in primary TEP. Herein, a large cohort of patients consecutively undergoing primary or secondary TEP were examined to determine the impact of radiation and pharyngeal reconstruction on speech outcomes and complications.
MATERIALS AND METHODS
After approval by the institutional review board, a retrospective chart review was conducted of all patients who underwent TEP between 2003 and 2007 at The University of Texas MD Anderson Cancer Center. All patients undergoing TEP as a primary procedure or secondary procedure (in the operating room or in the clinic) were included.
Institutional tracheoesophageal puncture management
TEP candidacy is assessed in all patients scheduled for total laryngectomy jointly by the multidisciplinary team, primarily the head and neck surgeon, plastic surgeon, and speech language pathologist. Selection criteria in determination of TEP candidacy and determination of primary versus secondary TEP include the extent of radiotherapy toxicity, the extent of planned resection and necessary reconstruction, and psychosocial considerations that influence the patients' ability to return for necessary follow-up and perform lifelong care for an exchangeable prosthesis. 21 Both primary and secondary TEP are performed at this institution. A red rubber catheter (12-14 Fr) is used to stent the TEP in the immediate postoperative setting. A voice prosthesis is first placed 7 to 10 days postoperatively after primary TEP and 3 to 5 days postoperatively after secondary TEP. A variety of indwelling and nonindwelling tracheoesophageal (TE) voice prostheses are used within the institution (InHealth Technologies, Carpinteria, CA; Atos Medical, H€ orby, Sweden). MD Anderson TEP Tracking Database was queried and a retrospective review of the electronic medical records was conducted for TEP outcomes. Prosthetic variables, complications, communication method, and TE speech fluency were captured prospectively on a standardized form by speech pathologists in the TEP Tracking Database during routine clinic visits. TE speech fluency was graded per Lewin et al 22 as fluent (ability to produce >10 seconds of continuous sound production and 10-15 syllables per breath), nonfluent, or nonspeaker (sound production <1 second and absent word production). Complications were classified by standard definitions. Enlarged TEP was defined as leakage around the prosthesis unresponsive to standard prosthetic management. Pharyngoesophageal spasm was diagnosed only with radiographic confirmation. Frequent leakage through the voice prosthesis was only coded when two or more consecutive prostheses lasted 4 weeks or less because of leakage. Stomal stenosis was diagnosed for all patients with stenosis sufficient to warrant dilation with a laryngectomy tube. Patient demographic data were collected along with disease-specific information, type of surgery and reconstruction, adjunctive therapies, such as chemotherapy and radiation, TEP timing, postoperative complications, and speech outcomes.
Complications were further classified as those directly related to the TEP or prosthesis or indirectly related to the TEP or prosthesis but with the potential to significantly affect TEP use or speech fluency. Direct complications included enlarged TEP, aspiration of the prosthesis, pneumonia secondary to leakage, spontaneous closure of the TEP, partial TE tract closure, granulation tissue, and superior tract migration. Indirect complications included pharyngocutaneous fistula, pharyngoesophageal spasm or stricture, lymphedema, and stomal stenosis. Complications were also subdivided into major and minor complications. Major complications included spontaneous closure of the TEP, complications requiring surgical intervention or intentional closure of the TEP, and pneumonia secondary to leakage, whereas minor complications were defined as those that were managed conservatively and resolved without surgical intervention or TEP removal. The data were analyzed using the Statistica statistical software application (StatSoft, Tulsa, OK; www.statsoft.com). Basic descriptive analysis of aggregate data was calculated, including frequencies of study patients within the categories for each of the parameters of interest. Associations between parameters and endpoints were assessed by Pearson's chisquare test or, where there are fewer than 10 subjects in any cell of a 2 3 2 grid, by the 2-tailed Fisher exact test. Table 1 . Median age at TEP was 64 years (range, 37-86 years). Ninety-nine patients had primary TEP (68%) and 46 (32%) had secondary TEP either in the operating room or in the clinic (Table 1) . Twentynine patients (20%) had free flap pharyngeal reconstruction. Most patients (65%) had a salvage laryngectomy after radiotherapy. Thirty-nine patients (27%) had radiotherapy postoperatively and 12 patients (8%) did not have radiotherapy. For patients who had radiation, the median radiation dose was 60 Gray (range, 30-78 gray). Of the patients who underwent radiation, 18 (14%) underwent intensity-modulated radiotherapy, and the remaining 114 (86%) had conventional 3D conformal radiotherapy. Thirty-nine patients (27%) underwent chemotherapy before TEP, 22 patients (15%) had chemotherapy postoperatively, and 84 patients (58%) did not have chemotherapy. Mean and median follow-up times were 56 months (SD 5 37.6 months) and 53 months (range, 1.4-156 months), respectively after the initial TEP procedure.
RESULTS

Complications
One hundred twenty patients (83%) had a postoperative complication (major or minor), including those that were directly related and those that were not related to the TEP (Table 2) . 11, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Eighty-nine patients (61%) had 2 or more complications. A majority of complications were minor and were managed conservatively (89%), whereas 13 patients (11%) had direct TEP-related complications that required surgery (including 7 patients with spontaneous closure who subsequently underwent repuncture; Table 2 ). Ninety-one patients (63%) had a postoperative complication directly related to TEP, among which 29 (20%) had major complications directly related to TEP. The breakdown of complications according to those directly and not directly related to the TEP and/or prosthesis is reported in Table 2 .
The complications were assessed according to the timing of the TEP and radiation treatment, with patients divided into 4 distinct groups (Figure 1) . In multiple subgroup analyses, there was no significant difference in complications between primary TEP and secondary TEP and a history of radiotherapy before TEP (p > .05).
Free flap reconstruction
Thirty-one patients (21%) required free flap reconstruction of their laryngopharyngeal defects with radial forearm free flaps (n 5 4) or anterolateral thigh free flap (n 5 27). Ten of the free flap patients (32%) had primary TEP. Significantly more patients who underwent free flap reconstruction with secondary TEP were using their TEP at last follow-up compared with those who underwent primary TEP (50% users in primary vs 90% users in secondary; p 5 .02). This trend persisted in speech fluency outcomes but was not statistically significant (60% fluent in primary vs 90% fluent in secondary; p 5 .07). There was no significant difference in the rate of complications across any category between primary and secondary TEP in the free flap reconstruction subgroup (Figure 2 ). Within the subgroup of patients undergoing free flap reconstruction, 4 patients (40%) with primary TEP had previous radiation and 19 patients (90%) with secondary TEP had previous radiation (p 5 .01). No primary TEP patients in the free flap cohort had total laryngopharyngectomy with tubed free flap reconstruction, whereas 7 secondary TEP patients (33%) had total laryngopharyngectomy with tubed free flap reconstruction (p 5 .07). There was no significant difference in age or history of chemotherapy between primary and secondary TEP groups in the freeflap cohort. 
Overall speech outcomes
In total, 120 patients (83%) were using their TEP for communication at last follow-up, or before any recurrence of cancer or closure of the TEP (Table 3) . Among all patients, there was no significant difference between primary and secondary TEP in terms of achievement of speech fluency (fluent vs nonfluent) or use of TEP as a primary mode of communication (Table 4) .
There was also no significant difference in outcomes based on timing of radiotherapy (Table 4 ). All nonirradiated patients were fluent and using their TEP as the primary mode of communication. There was no statistically significant difference in speech fluency and TEP use in nonirradiated patients compared to radiated patients (p 5 .14 and .10, respectively).
Tracheoesophageal puncture removal
Twenty-five patients (17%) were not using their TEP at last follow-up. Among these 25 patients, 5 had intentional TEP removal because of either poor function or a complication and did not undergo repuncture, 4 had spontaneous closure of the TEP without repuncture, and 16 patients were not using their TEP for communication. There were a total of 9 intentional TEP removals: 5 for poor function, 2 for complications, and 2 for both poor function and complications. Four of these 9 TEP removals were subsequently repunctured. The 16 patients who retained their TEPs were not using them because of poor function and/ or fluency. These TEPs were not removed in these particular patients because of a mature tract that was unable to close despite poor functional outcome. In these scenarios, dummy prostheses were placed to plug the TE tract to prevent aspiration.
DISCUSSION
In this large cohort of primary and secondary TEP patients with almost 5-year mean follow-up, 83% of patients used their TEP for routine communication. In addition, 90% level of TE voice fluency was achieved regardless of TEP timing (primary vs secondary). Overall, favorable speech outcomes occurred in the setting of a patient population of 65% salvage laryngectomy after previous radiotherapy. Complications were common, as 83% of patients had any type of complication affecting the TEP (including both major and minor and those indirectly and directly related to the TEP) and 61% had multiple such complications. However, relatively few of these complications required surgical intervention, and only 6% of patients ultimately required TEP removal. There was no difference in complications among patients categorized according to timing of the TEP and relation of timing of the radiotherapy to TEP placement. Even in patients with free flap reconstruction, there was no difference in complication rates between primary and secondary TEPs, although TEP use was higher among free flap patients undergoing secondary TEP (Figure 2) .
Results here are in concordance with other studies that found no significant difference in complication rates of primary and secondary TEP. 4, 10, 20, 22, 33, 34 Direct complications in the current study (64.6% and 60.9% for primary and secondary TEPs, respectively) were slightly higher than others reported, which may be explained by the comprehensive inclusion and prospective tracking of complications, long-term follow-up of 4.7 years, and high rate of radiotherapy (only 8.3% of this cohort did not require radiotherapy). 4, 20 TEP outcomes, as measured by longterm use of TEP (82% for primary and 85% for secondary TEPs) were slightly higher than other reported rates of 75% to 78% for primary TEP and 67% to 71% for secondary TEP that have been published since the recent trend of increased frequency of salvage laryngectomy. 20, 35 As reported in several other studies, there was no significant difference in success rate (as measured by TEP use or fluency) between patients who received radiation and those who did not. 4, 7, 13, 14, 36 Although it was not statistically significant, all patients who did not receive radiation were fluent and using their TEPs, similar to favorable patient outcomes reported by Silverman and Black 9 and Cantu et al 8 in this patient population. Pharyngocutaneous fistula, pharyngoesophageal spasm, pharyngeal stricture, lymphedema, and stomal stenosis are complications that may not be a direct consequence of TEP but can ultimately affect speech outcomes. Our rates of these complications and management techniques are summarized in Table 2 . Of the 31 patients (21%) in this study who had pharyngoesophageal spasms, over twothirds (22 patients) were severe enough to warrant botulinum toxin. Although this number is slightly higher than reported in the literature, the definition of spasm in this study included patients with even transient or a small degree of spasm that did not require botulinum injection. 6, 7 This series had a high rate of stomal stenosis compared to the 18% to 29% reported in other TEP studies, 4, 15 likely because of the varying definitions of stenosis across different studies. The current study included patients with mild, transient stenosis immediately postoperatively and during radiotherapy, accounting for higher reported rates.
Complications directly related to TEP included enlarged TEP, aspiration of the prosthesis, pneumonia secondary to leakage, spontaneous TEP closure, partial tract closure/ stenosis, granulation tissue buildup, superior tract migration, and frequent leakage through the TEP. The goals of management for enlarged TEP or premature valve failure causing frequent leakage through the valve are to control aspiration and maintain communication. First, a thorough swallow evaluation is completed and any strictures are treated, as this is an often overlooked underlying cause of prosthetic leakage. The enlarged puncture can also be managed with clinic procedures, such as injection, placement of purse string sutures, or prosthetic customization. 11, 23, 24 Although rare, refractory enlargement can require major surgery with free flap reconstruction. 37 Conversely, partial tract closure is often a consequence of incorrect sizing or tract swelling causing the prosthesis to pull or embed mid-tract, ultimately resulting in stenosis of the posterior tract. It is managed by prosthetic management to reestablish fit of the prosthesis.
Several studies have shown the feasibility of TEP in previously radiated patients undergoing free flap reconstruction. 38, 39 Thirty-one patients (21%) in the current study had free-flap reconstruction. The majority of these patients had secondary TEP because of concern for complications and expectation of potentially delayed wound healing in previously irradiated tissue (Figure 2 ). Another reason for delayed TEP puncture in these patients was concern for speech quality in this cohort. After some types of free-flap reconstruction (particularly tubed free flaps and jejunal interpositions), the quality of TEP speech has previously been reported to be more variable and suboptimal relative to pharyngeal closure without free flap reconstruction. 40 Secondary TEP after laryngectomy gives patients the opportunity to trial esophageal insufflation with the speech language pathologist and determine whether TEP speech yields acceptable voicing for the patient before puncture. This is likely why the specific subgroup of free flap patients had improved TEP use with a secondary TEP procedure, despite having significantly higher rates of previous radiation and more extensive surgical resection and reconstruction (as compared to the primary TEP free-flap cohort).
An important context of this retrospective study was the selection bias in choosing patients for TEP candidacy, and for selection of primary versus secondary TEP. Based on our strict selection criteria, only 60% of patients undergo TEP after total laryngectomy. 21, 41 Additionally, over the last several decades, the practice at this institution has moved toward secondary TEP in patients who are at perceived higher risk for wound complications, including those with significant radiation sequelae, major pharyngeal resection and reconstruction with free flap, and significant medical comorbidities. Therefore, nonsignificant differences in complications between primary and secondary TEP patients should be understood in the context of patient selection. This selection bias is highlighted by a higher rate of secondary TEPs in patients with free flap reconstruction, with two-thirds of the free flap cohort undergoing secondary TEPs.
A potential limitation of this study was that, although a standard technique to determine fluency 22 was used, the interrater reliability of fluency outcome could not be assessed as it was ascertained by a single trained provider at the point of service. However, ordinal grading of perceptual speech ratings has been shown to be highly reliable among TE speakers (94% and 93% interrater and intrarater agreement) in published prospective work. 42 There has been a national trend toward organ preservation, with the rate of total laryngectomy cases decreasing and concentrating in high-volume centers. [43] [44] [45] The coordinated efforts of an experienced team of providers in these high-volume centers is essential in the postoperative care of laryngectomy patients in order to maximize speech outcomes. This large cohort of TEP patients with long-term follow-up had favorable TEP use and speech outcomes, reflecting the care of an experienced team optimizing patient selection and dynamic postprocedure management of TEP patients. Complication rates associated with TEP were high overall, and although the majority were minor, their management required a high level speech language pathology expertise and often frequent clinic visits.
CONCLUSION
Careful selection of patients' candidacy for TEP provided similar TE speech outcomes and complication rates regardless of timing of TEP or radiation. For more complex patients who require extended surgical resection and reconstruction, secondary TEP may be a better option to achieve successful voice restoration because of the opportunity for enhanced pre-TEP testing, education, and selection.
